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§6. Performance Analysis of Tritium Cleanup 
System Based on Computer Simulation 
Kawano, T. 
A tritium cleanup system for application to exhaust gases 
discharged from the large helical device has been developed. 
The system is distinguished from conventional ones in that 
tritium is removed as tritiated hydrogen molecules. In the 
present srudy, the performance of the tritium cleanup system 
was examined by computer-based simulation. 
the both-sum curve. The first bend may correspond to the 
completion of one cycle of processing, and the second bend 
corresponds to the time when helium became the dominant 
contributor to the total pressure. The change in the partial 
pressure of hydrogen over time is characterized by marked 
changes although the partial pressure of methane smoothly 
decreased. Two qualitatively opposite patterns of bends were 
seen in the curves for partial pressure of hydrogen. One is a 
Z-shaped zigzag, while the other is the reflection of this 
pattern. The former pattern is seen when the hydrogen 
fraction is greater than about 80%; otherwise, the latter 
pattern appears. This change in the pattern of bends might be 
unrelated to the volume of gas to be processed and to the 
volume of the buffer tank. Both bends gradually move to the 
right along the X-axis as the proportion of methane increases. 
They also moved to the right as the initial volume of gas or 
the volume of the buffer tank was increased. 
The time interval between the first and second bends 
obviously becomes longer with increasing proportions of 
methane. And the time interval also became longer with 
increases 10 the volume of gas to be processed or of the 
buffer tank. 
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To simulate a realistic system, we assumed the use of a 
commercially available ready-made hydrogen purifier as the 
hydrogen separator and a scroll vacuum pump as the circular 
pump. ZrNi alloy was placed in the 
decomposition-processing vessel as the driver for 
decomposition, and the hydrogen-absorbing vessel was 
assumed to be manufacrured of titanium (Ti). We also 
assumed that the gas for processing was made up of 
hydrogen, methane, and helium. We examined the effect of 
component fraction in this gas by carrying out simulation 
under several conditions for the gas in tenns of 
component fractions of hydrogen and methane, whilc 
keeping a constant proportion of helium. In the 
simulation, we examined the partial pressures of 
hydrogen and methane, a 'both-sum pressure (the partial 
pressure of hydrogen + the partial pressure of methane) 
and 'total' pressure (the both-sum pressure + the partial 
pressure of helium). And besides, we also simulated the 
system's operation with various volumes of gas to be 
processed and various buffer-tank volumes. 
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Figure 1 contains 6 panels, which were obtained by 
simulation of the system's operation on six different sets 
of initial component fractions of hydrogen and methane, 
with the same volume of gas in each batch. In each part 
of Fig. I, I Nm3 of gas is to be processed and the volume 
of the buffer tank is 6 m] The initial proportion of 
hydrogen decreases from panels (A) to (F), while the 
initial methane fraction decreases from (F) to (A). The 
helium fraction is a constant 5% in all samples of this 
srudy. In all panels o( Fig. I, changes in the partial 
pressures of methane, hydrogen, along with the 
'both-sum' and total pressures, are plotted as functions of 
elapsed time. 
Figure I shows that the component fraction 
significantly affects the performance of the cleanup 
system. The speed of processing is indicated by the slope 
of the both-sum curve, which corresponds to the residual 
concentration of tritium in the gas. This gradually 
decreases as the proportion of methane increases, which 
shows that methane should be decomposed at a slower 
rate than that of the separation of hydrogen. The speed of 
processing also fell with increases in the initial volume 
of gas or in the volume of the buffer tanlc 
In the panel (C), the tendency of the curve for the 
partial pressure of hydrogen clearly changes at elapsed 
times of about 2 hours and about 6 hours. This 
zigzag-bending pattern is lightly but clearly reflected in 
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Fig. I Component-fraction dependence of tritium- removal 
profile (Vqlume of a batch gas: I Nm3, Volume of a buffer 
tank: 6 m, "': methane, +: hydrogen, 0: both-sum and 
.: total) 
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